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There is a need for universal, 
agnostic, layered strategies to 
combat unknown unknowns –
especially at the point of need 

Biology and Assay 
Development 

Sample 
Processing

Field Ready
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Physical and 
chemical

Innate Immunity

Adaptive 
Immunity
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Elegant pattern 
recognition network 

Early (pre-symptomatic) 
recognition system

Universal 

Rapid 

Innate Immunity 
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Bacterial Pathogen Associated Molecular Patterns (PAMPs)
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Association of Bacterial Amphiphiles with Host Carriers 
Amphiphilic PAMPS universally bind to host lipoprotein carriers 

(HDL, LDL), and occur associated with them in blood
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Universal Bacterial Biosensor

Lipopolysaccharides
Lipoteichoic acids 

Peptidoglycan 
lipoarabinomannans

Host 
Lipoproteins

α-biomarker 
antibody

Fluorescent signal

Lipid bilayer

Bacterial biomarker

Waveguide

Sample 
Processing

Sensitive 
Detection
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Clinical Validation
Lipopolysaccharides (Gram-
negative) and Lipoteichoic acids 
(Gram-positive) bacterial 
pathogens
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Clinical 
Validation 
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Engineering Lipoprotein Nanodiscs
Reproducible, Controlled 
Lipoprotein Nanodiscs can 
be potential ligands for 
lipids, concentration 
matrices or early 
therapeutics

MSP Lipid Size (nm) Zeta (mV)*

1D1

100% DMPC 9.9 ± 2.5 -3.9

20% DMTAP 10.9 ± 2.8 4.2

30% DMTAP 8.6 ± 1.5
Multiple peaks

7.9

40% DMTAP Multiple large (>100) 
peaks

N/A

50% DMTAP 1.591 ± 0.33 N/A

MD simulations and all-atomistic models to generate NDMycolactone, Small 
Molecule Toxin associated 

with Buruli Ulcer
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Lipopolysaccharides from F. tularensis

Lipopolysaccharides
Host 

Lipoproteins

LPS binds to host lipoproteins

Select agent PAMPs associate with host lipoprotein, and this presentation impacts 
assay performance

Presentation of LPS impacts assay 
performance and antibody selection 
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Presentation Matters 

Condition 1:  LPS in buffer
Condition 2:  LPS in serum

Association with carriers completely changes cytokine 
profiles – specifically impacting pro-inflammatory 

cytokines and chemokines 

Lipopolysaccharides Lipoarabinomannans
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Intelligent Immunity 

3 time pts/patient, 2200 patients, 18 years, 
1600 parameters/collection 
= 18,625,200 data points

20,000 data points/biomarker combination 
every 2 weeks 

Laboratory Data Model Development

Model Development

Clinical Validation
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Separation of Proteins and lipids from Blood – The Traditional Way

Whole blood Serum 
Separation 

Remove serum

spin

Step 1. Separation of serum from blood 

Step 2: Separation of amphiphilic biomarkers 
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Catch-All, Integrated Sample Processing at the point of need 
• Two-tiered novel cross-flow filtration system for separation of aqueous and 

organic components 
• Membrane interfaces compatible with lipid extraction – use of chloroform and 

methanol in a microfluidics cassette 

First microfluidic system 
for separation of lipids 
and proteins 
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Performance of the Chip is Comparable to the Laboratory Method

Comparison of Cell Counts (Cells/mL) Comparison of Lipoarabinomannan 
Extraction (nM)
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Field Ready Waveguide-based Optical Biosensor Platform 

Bench-top Instrument Field-Ready Instrument

Comparison of Performance of the 
Old Vs. New Sensor

• Enhanced dynamic range 
• Better sensitivity 
• Adapted for amplification-free 

nucleic acid detection

App-based read-out on phone
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Nature’s response to infectious 
disease is agnostic

Why isn’t ours? 


